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Abstract
Background: The aim of this study is to evaluate additional findings which can be detected by post-contrast
computed tomography (CCT) in relation to plain CT (PCT) findings in patients presented with head trauma. Medical
records of canine patients with the history of head trauma from three institutions were reviewed. PCT- and CCT-
anonymized images were evaluated by a veterinary radiologist separately. From the categorized findings the
following conclusions were drawn as: abnormalities were identified on (A) PCT but missed on CCT, (B) CCT but
missed on PCT, (C) both PCT and CCT.
Results: Thirty-two patients were included. The results showed that findings identified on CCT or PCT (category A
and B) but missed on the other series were limited to mild soft tissue and sinus changes. Overall, 61 different
fracture areas, 6 injuries of the temporomandibular joint (TMJ), 4 orbital injuries, 14 nasal cavities with soft tissue
density filling, 13 areas of emphysema, 4 symphysis separations, 12 intracranial hemorrhages, 6 cerebral edema, 5
cerebral midline shifts, 3 intracranial aeroceles, 3 brain herniations and 6 intraparenchymal foreign bodies (defined
as an abnormal structure located within the brain: e.g. bony fragments, bullet, teeth,..) were identified on both PCT
and CCT separately (category C). Severity grading was different in 50% (3/6) of the reported cerebral edema using
PCT and CCT images.
Conclusion: The results showed that PCT is valuable to identify the presence of intracranial traumatic injuries and
CCT is not always essential to evaluate vital traumatic changes.
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Background
Trauma is one of the most prevalent pathophysiologic
processes affecting dogs [1]. Among patients referred to
veterinary medical centers, high morbidity and mortality
are reported in patients with traumatic head injuries [2, 3].
An immediate diagnostic evaluation is an important stage
in this critical patient scenario. Among the diagnostic pro-
cedures, diagnostic imaging plays an important role in
assessing the extent of head injury after clinical
stabilization of the patient [3]. Computed tomography
(CT) is the preferred modality for imaging in recent head
trauma in comparison to the other modalities because it
completely fulfills the need for a quick informative exam-
ination [4]. This preference of CT is due to its availability,
the rapid examination, lower cost in comparison to mag-
netic resonance imaging (MRI), evaluation of the bones
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without superimposition, better visualization of preacute
hemorrhage and evaluation of intracranial structures [2,
3]. Advance imaging offers a selective imaging approach
to answer a specific clinical question. In this way, the se-
lection of diagnostic imaging modality should be made
based on the modality’s ability to demonstrate potential
clinically important traumatic pathologies, its repeatability,
costs and radiation exposure. As obtaining post contrast
images require additional exposure to ionising radiation
and have a small risk of reaction to the contrast medium,
this study has been conducted to evaluate the additional
findings that can be detected by post-contrast computed
tomography (CCT) in addition to plain CT (PCT) findings
in dogs presented with head trauma. We hypothesized
that PCT would be sufficient to detect the major trau-
matic changes which may need intervention or manage-
ment such as intracranial changes and fractures, and
consequently demonstrate that CCT is not necessary in
patients presenting with head trauma.
Results
Thirty-two patients from 36 provided patients from the
three centers were included in the study. In total 12 cases
from diagnostic Imaging, clinic of small animals and horses,
university of veterinary medicine (Vetmeduni), Vienna,
Austria (2008–2018), 12 cases from the department of
medical imaging and small animal orthopaedics, faculty of
veterinary medicine, Ghent University, Ghent, Belgium
(2010–2017) and 12 cases from department of radiology
and surgery, faculty of veterinary medicine, University of
Tehran, Tehran, Iran (2018–2019) were included consider-
ing the inclusion criteria. Four patients were excluded due
to improper image qualities and motion artifacts.
Dogs had a mean age of 47.7months at time of the pres-
entation (median: 36months, range: 2 to 132months), 22
dogs were male, 8 dogs were female, and the gender was
not recorded in 2 dogs. Breeds included mixed breed (n =
10), Chihuahua (n = 4), Shih Tzu (n = 4), German Shep-
herd (n = 3), Boomer (n = 1), Spitz (n = 1), Vizsla (n = 1),
Yorkshire terrier (n = 1), Boxer (n = 1), Jack Russell terrier
(n = 1), Lhasa Apso (n = 1), Weimaraner (n = 1), Dober-
man pinscher (n = 1), Border terrier (n = 1) and Pomer-
anian (n = 1). Overall 166 lesions were detected. The
results showed that findings identified on CCT or PCT but
missed on the other series were limited to mild soft tissue
and sinus changes (category A and B) (Table 1, Fig. 1).
Overall, 61 different fractures, 6 temporomandibular joint
(TMJ) injuries including fractures and luxations, 4 orbital
injuries (exophthalmos and globe deterioration), 14 nasal
cavities with soft tissue density filling, 13 emphysema, 4
symphysis separations, 12 intracranial hemorrhages, 6 cere-
bral edema, 5 cerebral midline shift, 3 intracranial aerocels,
3 brain herniations and 6 intraparenchymal foreign bodies
(defined as an abnormal structure located within the brain
e.g. bony fragments, bullets, teeth, ….) were identified on
both PCT and CCT separately (category C, Figs. 2 and 3)
(Tables 1, 2 and 3). The Cohen’s Kappa test showed an al-
most perfect agreement, κ= 1 (95% CI, p < .0001), between
PCT and CCT in detection of fractures, TMJ injuries, or-
bital injuries, nasal cavity filling, emphysema, symphysis
separation, intracranial hemorrhage, cerebral edema, cere-
bral midline shift, intraparenchymal aerocele, brain hernia-
tion and intraparenchymal foreign bodies. The Cohen’s
Kappa test revealed less agreement between PCT and CCT
in detection of soft tissue and sinus involvements in com-
parison to the other lesions. The Kappa value showed a
moderate and strong agreement between PCT and CCT in
detection of soft tissue and sinus involvements respectively,
κ= 0.78 and 0.81 respectively (95% CI, p < .0001).
The severity of the reported cerebral edema was
graded differently using PCT and CCT in 50% (3/6) of
the patients, and in all these patients the edema severity
was graded more in CCT.
Discussion
The main result of the evaluation of traumatic changes
in plain and contrast CT-images of 32 dogs with a his-
tory of head trauma showed that mild soft tissue and
sinus involvements are the only findings which may be
detected only in one of the plain or post-contrast series.
The agreement between PCT and CCT is lower in de-
tection of soft tissue and sinus involvements, however
there is still a moderate and strong agreement
respectively.
Recently, advances in diagnostic imaging technology
and knowledge offers new approaches in diagnosis and
patient management both in human medicine and veter-
inary medicine. A challenge of “cost-effective” and
“health-benefit” is always an ongoing discussion in any
case management to select proper diagnostic tests [5].
This challenge becomes more complicated when it is
combined with time limitations in the case of
Table 1 PCT and CCT assessment of head injury: extracranial lesions
Soft tissue involvement Sinus involvement Nasal cavity filling Emphysema Orbital injury
(A) PCT negative, CCT positive 2 1 0 0 0
(B) CCT negative, PCT positive 1 1 0 0 0
(C) CCT and PCT positive 18 6 14 13 4
Total 21 8 14 13 4
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emergencies and trauma [6, 7]. Following the utilization
of plain CT without contrast administration in human
medicine to assess traumatic changes in the head [8],
some veterinary radiologists also prefer to skip CT angi-
ography in head trauma patients based on anecdotal evi-
dence [6]. Therefore, this study was conducted to
evaluate extra information obtained by post-contrast
computed tomography (CCT) in relation to plain CT
(PCT) findings and to determine the necessity of con-
trast medium administration in patients presented with
head trauma.
CT is already known as an valuable diagnostic tool for
cases of acute head trauma because it shows small bony
changes and intracranial hemorrhage [4]. In the present
study plain CT could detect the intracranial lesions and
bony changes (fractures, TMJ injuries and symphysis
separations), and none of the detected lesions were ex-
clusively visible on post-contrast images. Therefore,
based on the present findings, PCT alone is felt to be an
informative to evaluate the major traumatic changes.
Traumatic brain injury (TBI) is a life-threatening con-
sequence of head trauma and can result in death and is
Fig. 1 PCT (left) and CCT images (right) of a 14-year-old mixed-breed dog (Findings in category B). L: The patients’ left side. A mild soft tissue
swelling (*) was scored only in PCT because of mild increased contrast uptake on the left side at the level of the calvarial fracture (§) in
comparison with the other side. A small aerocele (Δ) is. visible at the level of the fracture. WW (180) and WL (60) in these images are selected
intermediately to show all the changes in one figure and avoid presenting several figures in the article
Fig. 2 PCT (left) and CCT images (right) of a 10-year-old mixed-breed dog (Findings in category C). L: The patients’ left side. Emphysema (α), brain
herniation (γ), skull fracture (β), cerebral midline shift (δ) and soft tissue changes (*), that are marked in the plain image (left), are detectable in
both images. WW (180) and WL (60) in these images are selected intermediately to show all the changes in one figure and avoid presenting
several figures in the article
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responsible for high mortality (18 to 24%) in dogs with
trauma [9, 10]. Typically, death in TBI results from pro-
gressive increase in intracranial pressure (ICP) [3, 11,
12]. Recently, a noninvasive imaging-based method such
as CT is suggested for ICP monitoring or screening tool
for patients with concern of severe TBI in human medi-
cine [13]. Some gross anatomic changes such as intra-
cranial occupying masses or hematomas, enlarged
ventricles, cerebral edema, ventricular compression and
midline shift are recognised in human medicine associ-
ated with elevated ICP [14]. To the best of the authors’
knowledge, this method is not validated in veterinary
medicine. However, it is logical to consider that the
same secondary changes in the brain can be present as
indicators of increased ICP in dogs as well. All these
gross anatomical changes were detected in the present
plain image series as well as in the post-contrast images.
Thus, the plain CT can help the clinicians to check if
secondary changes are seen that may be associated to
the increased ICP.
Cerebral edema, including vasogenic edema and cyto-
toxic edema, results in an increase of brain volume and
hypoattenuating changes of the parenchyma [11, 15].
The incidence of cerebral edema, brain hernia and mid-
line shift as secondary signs of increased brain volume
were detected in the present cases on plain CT. Based
on our experience the plain images are still diagnostic,
however, these changes are more marked in the post-
contrast images, which were more obvious in brain
edema scoring. No gold standard was present in this
study to proof the presence of the subtle cerebral edema
which is detectable in CT. The authors’ propose that if
edema is not detectable on pre-contrast CT, then it is
not detectable in post-contrast images neither.
The mild soft tissue and sinus involvements are the
only radiologic findings which were categorized in cat-
egories (A) and (B). These findings were detected in
PCT but missed on CCT or were detected in CCT but
missed on PCT. As the patients in this study were ran-
domly included, it is not clear whether the distribution
Fig. 3 PCT (left) and CCT images (right) of a 5-month-old Jack Russel terrier (Findings in category C). L: The patients’ left side. Emphysema (α),
intracranial hemorrhage (β), cerebral edema (*), and mild cerebral midline shift (δ), that are marked in the plain image (left), are detectable in
both images. WW (180) and WL (60) in these images are selected intermediately to show all the changes in one figure and avoid presenting
several figures in the article
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of all scores of soft tissue and sinus involvements was
equal and normal or not. So, it is admitted that the effect
of the extension and severity of the sinus involvement,
soft tissue swelling on these results is unclear. In the
case of the clinically relevance and importance of these
injuries, agreement of PCT and CCT should be assessed
in light of the presenting clinical signs and patient
outcome.
Due to the retrospective study design this study has
limitations. The “Modified Glasgow Coma Scale
(MGCS)” is a prognostic indicator and monitoring tool
in the patients with head trauma in veterinary medicine
[16]. MGCS was not included as the patients were col-
lected from different hospitals and some of the patients
were referrals and MGCS was not mentioned in medical
records. As the aim of this study was not the utilization
of plain and contrast CT images as a prognostic tool, the
results do not lead to a final judgment concerning the
necessity of the contrast administration as a prognostic
tool. Because of the retrospective and multicentral de-
sign of the study, different acquisition settings, different
reconstructions of the raw data were used that may have
influenced the image quality. The study aim was to com-
pare pre- and post-contrast findings in each patient, thus
differences in image acquisition were not a concern for
the present study. Furthermore, an inhomogeneous sam-
ple group (patients with different breed, size and age)
and different source of trauma could be considered as a
potential uncontrolled limitation, however the authors
believe it does not affect the main aim and results of this
study.
Additionally, the scoring was subjective in the present
study and no gold standard (e.g. necropsy or histopath-
ology) was used to proof the scoring. The better en-
hancement of the soft tissue and the effect of windowing
the images in CCT should be considered as a bias and a
possible reason of detecting mild soft tissue and sinus
involvements only in one, PCT or CCT.
Conclusion
In conclusion, the results showed that PCT is valuable
to identify the presence of intracranial traumatic injuries
and CCT is not always essential to evaluate vital trau-
matic changes. In cases which soft tissue involvement or
sinus involvement are expected, evaluation of both PCT
and CCT images is advised. The results may be helpful
in dealing with the challenge of planning of the investi-
gations, while considering the side effects, longer
anesthesia and extra price for CT-angiography in the
evaluation of the skull trauma. Evaluation of the exten-
sion and clinical importance of detected lesions are rec-
ommended in further investigations.
Methods
The study was a retrospective, multicenter and descrip-
tive design. Due to the retrospective study design, no in-
stitutional animal care and use approvals were requested
officially. Dogs were included if the medical files showed
a history of trauma as an indication for CT scans.
Trauma was defined as any tissue injury that occurred
suddenly as a result of an external force, including blunt
force injury (road traffic accident, fall from a height or
kicked by horse), penetrating injury (gunshot and an-
other animal incident or bite), or crushing injury. Cases
with unknown or questionable history of trauma or con-
current neoplasia in skull were excluded. Cases were in-
cluded if nose to 1st cervical vertebrae were included in
the image series and both plain and post-contrast image
series were available for the evaluation. Studies which
had inadequate image quality were excluded.
Three Institutions: 1. diagnostic Imaging, clinic of
small animals and horses, university of veterinary
medicine (Vetmeduni), Vienna, Austria using a SOMA-
TOM®Emotion-16 detectors CT scanner (Siemens
Healthcare, Erlangen, Germany); 2. department of med-
ical imaging and small animal orthopaedics, faculty of
veterinary medicine, Ghent University, Ghent, Belgium
using a helical CT scanner (LightSpeed, GE Medical Sys-
tems, Milwaukee, WI); 3. department of radiology and
surgery, faculty of veterinary medicine, University of
Tehran, Tehran, Iran using a SiemensSomatom®- two
detectors CT scanner (Siemens Healthcar, Erlangen,
Germany); were participated in the present study. The
images were taken with different scan parameters and
contrast medium administrations.
The archives of all these institutions were investigated
retrospectively for all dogs which underwent CT of the
head.
Plain and contrast image series of the included cases
were retrieved and anonymized separately. The image
series were reviewed by one radiologist (YV) in random
order within 3 months and pre- and postcontrast studies
Table 3 PCT and CCT assessment of head injury: bone changes
Fractures TMJ injury Symphyseal injury
(A) PCT negative, CCT positive 0 0 0
(B) CCT negative, PCT positive 0 0 0
(C) CCT and PCT positive 61 6 4
Total 61 6 4
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Table 4 Categories, subcategories, recording and scoring guideline used in evaluation of the traumatic findings in the present study






















Symphyseal Injury No 0
Yes 1
Intraacranial lesions Intracranial hemorrhage At the level of bone involvement No 0
Yes 1
Area without bone involvemengt No 0
Yes 1
















Brain herniation No 0
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for each patient reviewed blindly on separate occasions.
All the images were reviewed with the assessed window
width (WW) and window level (WL) depending on the
evaluated structures, using a Miele-LXIV DICOM
Workstation and Image Viewer (version 7.5.52, Alex
Bettarini (bettar)).
The traumatic changes were defined in three main cat-
egories: (1) intracranial lesions, (2) extracranial lesions,
and (3) bony changes. Furthermore, these three categor-
ies were subjectively subcategorized and scored based on
severity (non, mild, moderate and severe) and location
(Table 4). Comparison of the results of PCT vs CCT for
each subcategory was made by matching the image
series and scores. Finally, the following conclusions were
drawn from direct comparisons of the results of PCT
and CCT from each individual dog: abnormalities were
identified on (A) PCT but missed on CCT, (B) CCT but
missed on PCT, (C) both PCT and CCT (Tables 1, 2, 3).
The agreement between PCT and CCT in identifica-
tion of the traumatic changes were evaluated by Cohen’s
kappa test using SPSS (version 19.0; IBM, Chicago,
USA). The result of the Cohen’s Kappa test were inter-
preted based on the guideline presented by McHugh
2012 [17].
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